Global two-fluid simulations of tokamak Scape-Off-Layer turbulence by Mosetto, Annamaria et al.
Global two-fluid simulation of tokamak Scrape-Off-Layer turbulence
A. Mosetto, S. Jolliet, F. Halpern, P. Ricci
Ecole Polytechnique Fédérale de Lausanne (EPFL), Centre de Recherches en Physique des Plasmas
1- Introduction
◮ the Scrape Off Layer (SOL) turbulence is studied by means of a linear eigenvalue solver and the
non-linear Global Braginskii Solver (GBS) code
◮ we identify the linear phase space of the SOL, finding the regions of existence of the Drift Waves
(inertial and resistive) and the Ballooning (inertial, resistive and ideal) instabilities
◮ we focus on the effect of magnetic shear on both the linear and the non-linear dynamics
◮ linear calculations and non-linear simulations including electromagnetic effects are described
2- The Global Braginskii Solver (GBS) code
◮ the code is based on the non-linear, drift-reduced two-fluid Braginskii equations ([2] and [3])
◮ self-consistent global evolution of equilibrium and fluctuations
◮ we study the SOL turbulence as the self-consistent result of plasma source from the core and losses
at the limiter plates
◮ open magnetic field lines, ending on a limiter
◮ Ti ≪ Te, cold ion limit
◮ β 6= 0, electromagnetic effects
◮ simple, circular magnetic geometry
◮ ǫ≪ 1, large aspect ratio approximation
































































































































































◮ effect of the shear on





























































































































































◮ effect of the shear on
the inertial Drift Wave
instability
phase space
Regions of existence of the





◮ Resistive Drift Wave
◮ Inertial Drift Wave
◮ region of suppression of the Drift




































































































◮ 1 => threshold
between the inertial




























































































◮ 2 => threshold
between the resistive
Drift Wave and the
Resistive Ballooning





















◮ 3 => threshold
between the resistive
Drift Wave and the
inertial Drift Wave










































Thresholds related to electromagnetic effects:
◮ suppression of the Drift Wave instability for β2ν
R
Ln (1 + 1.71η) > 1.17 in the resistive case and for
β
2me/mi
> 0.17 for the inertial case
◮ development of the Ideal Ballooning instability for αMHD = q2β RLn (1 + η) > 1
6- Conclusions
◮ identification of the linear phase space
◮ non-linear simulations with shear verify steepening of the gradients and
suppression of the instability
◮ non-linear simulations including electromagnetic effects show
steepening of the gradient and approach the linear condition for Drift
Wave suppression











































































































































q = 4, ν = 0.1,
mi/me = 200,
Ly/ρs = 400, R/ρs = 500,
Ln = 48.50, Lt = 75.45,
Lp = 29.52
◮ the non-linear saturation
mechanism of these
simulations has been






















































































◮ Ln = 35.03, Lt = 75.45,
Lp = 23.92
◮ reduction of Lp for both positive and negative values of the shear, with respect to the shearless case,
with almost constant Γx => damping of the instability
electromagnetic


















◮ Ln = 51.20, Lt = 64.67,


























◮ Ln = 48.50, Lt = 61.98,



























◮ Ln = 40.42, Lt = 67.37,








◮ reduction of Lp with increasing β and approach of the conditions for the stabilisation of the Drift Wave
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